Codiaeum variegatum is easily grown under hot and humid field conditions and has a high export potential. However, wilting and senescence during post-harvest operations often reduces its vase-life. To improve this drawback, an investigation was conducted to preserve the export quality of C. variegatum vars. Mariana, Batik and Aucubeafolia. Eight separate experiments were conducted to maintain high quality standards during storage life of three varieties of C. variegatum. Cold treatment with or without hot water dip, leaf morphology, leaf maturity with cutting type, pre-harvest hormonal regulation, de-topping, post-harvest hormonal regulation, commodity treatments and combined treatments of the above were the test criteria.
INTRODUCTION
. Foliage ornamentals have a 90% share of the ornamental exports which is 5.2% of the annual agricultural export earnings of Sri Lanka 4 . Correspondingly, foliage ornamentals are grown in 472 ha which is 94% of the total land area under floriculture (500 ha) 5 .
Codiaeum the magnificent, multi-coloured foliage plant is long since known in horticulture as Croton. It is a tropical shrub with highly ornamental, thick leathery glossy leaves in many shapes and sizes. Croton plant is said to be the world's most colourful and variable shrub 6 . Being herbaceous and perishable, foliage plants are susceptible to post-harvest conditions. Special care is necessary to ensure their market standards. Particularly, cut foliage undergoes stress after harvesting. Excessive moisture loss from the cut surface, while metabolic activities are continuing, leads to desiccation and loss of food reserves in tissues. Most of the popular croton varieties undergo considerable leaf drop upon placement in interior environments 7 . There are two main symptoms associated with defoliation of the cut shoots of croton, viz.,wilting of leaves and discolouration (yellowing).
Previous work on prolonging vase-life and qualitative improvements of cut foliage of croton variety, Mariana have given unsatisfactory results. Supplementary plant nutrition or commodity treatments (after harvesting) could not extend the vase-life beyond 14 days*. Review of literature on the efforts on prolongation of vase-life of other cut flowers and foliage reveal the possibility of using cold storage'', post harvest commodity treatments 1 "" and hormonal regulations' 213 .
ITierefore this investigation was carried out to determine the most suitable pre-harvest and post-harvest treatments to prolong the vase-life of the cut foliage of Codiaeum variegatum vars. Mariana, Batik and Aucubeafolia.
• Experimental procedures: In the first experiment (Expt. 1), delaying of the senescence process by cold treatment (at 17"C) for 1 or 2 d with and without instant hot water dip (at 38°C) (for sealing latex flow and disinfection) was compared with room temperature (29"C) storage (factor 1) using eight treatment levels. Room temperature without hot water dip (Tl), Room temperature with hot water dip (T2), Cold treatment without hot water dip (T3) and Cold treatment with hot water dip (T4) were given for 1 d. Another set of treatment combinations (range from T5 to T8 in the same order) were continued for 2 d. The relative humidity (RH) at cold room and normal storage (room temperature) were 79% and 52%, respectively\ Diseasefree, healthy cuttings from open-field grown C. variegatum varieties were harvested to a length of over 50 cm (export standard*) during the period 7.00 -9.00 a.m. Plants were irrigated abundantly in the previous day in order to maintain turgidity. Cuttings were immediately immersed in water (pH; 6.2 and EC; 0.1 mS/cm) to avoid air intake through the cut surface 13 . Before subjecting to the treatments an approximately 5 cm piece of stem was removed from the cut end at the pack house. The treated cuttings were re-cut to have the exact length of 52 cm and several leaves removed at least 10 cm from the base of the cutting, to match with buyer's specification for cut decorative shoots f .
METHODS AND MATERIALS
The cuttings were packed in corrugated cardboard boxes (73 x 40 x 13 cm), at the rate of four cuttings per box, following the normal packing procedure 1 . These boxes were labelled and kept under illuminated cold room conditions for two days. Two days after packing, the boxes were opened, 2.5 cm of stem ends were again re-cut and dipped again in normal chlorinated water. Water in the containers was replaced at 5 d intervals. Data were collected on wilting rate and freshness of the leaves by visual quality ranking method at 2 d intervals ( Table 1) . Experiment 2 (Expt. 2) was done to examine the effect of leaf colour and number of leaves on the vase-life of C. variegatum var. Mariana. The four treatments composed of purplish red and yellowish red leaves with full set of leaves and half set of leaves (left at the proximal end). Leaf removal was aimed at reduced maintenance need by the shoot cutting. Procedures followed in harvesting and immediate post harvest handling of cuttings were similar to Expt. 1. The best treatment of Expt. 1, cold treatment was practiced as a general practice for all successive treatments, beginning from Expt.2.
Experiment 3 (Expt. 3) was done to examine the effect of leaf colour, leaf shape and the stem maturity of C. variegatum var. Batik. Cuttings from two leaf colours (red and purple), three levels of leaf maturity (mature, partially mature and immature) and two types of leaf shapes (round and elongated) were combined to form 12 treatment levels.
Based on the knowledge on inhibition of senescence by Cytokinins and Gibberelins", the effect of pre-harvest application of plant growth regulators was tested. Three concentrations of Kinetine (0.1, 0.25 and 0.5 mM) and Gibberellic acid or GA, (0.05, 0.1 and 0.25 mM), two concentrations of salysilic acid (325 and 487 ppm) together with no hormone control were used to form 9 treatment levels in experiment 4 (Expt.4). Under each variety three adjoining replicates were identified within a field bed (1 m 2 in size, having 30 plants) for the hormonal treatment. Hormonal application was done in correct concentration at the rate of 1 litre per field bed (1 m 2 ) using a hand sprayer, wetting both sides of the lamina between 7.30 to 9.30 a.m. in order to minimize respiration. Tween 20 (polyoxyethylene 20) was added as a surfactant at the rate of 10-15 mL/10 L to each solution to improve the efficiency of absorption. Cuttings were taken either 4 or 8 d after hormonal application.
In experiment 05 (Expt. 5), effect of de-topping (removal of bud and several immature leaves at the field) on different degrees of maturity/branching habits (matured partially matured and immature) at 1 wk before harvesting (WBH) and 2 WBH was tested. In experiment 6 (Expt. 6), commodity treatments at post-harvest stage were tested using two acidifiers, citric acid and vinegar in combination with 2.5% and 7.5% of sugar (carbohydrate source) and 2 and 7 mg/L of KMn0 4 (biocide). Citric acid was the commonly used acidifier which facilitates solute uptake through the cut end 16 while vinegar was used as a cheap, easily available alternative for citric acid in the coconut growing areas. The range of concentrations of the carbohydrate source and the biocide were selected based on recommended levels for preservation of other ornamental species". Cuttings were immersed in 10 cm deep treatment solutions (having pH of 3.5) just after making the cutting and kept for 1 d in the cold room.
In experiment 7 (Expt. 7), effect of post-harvest hormonal regulation on vase-life was investigated using a combination of Kinetine (at 25 and 50 ppm) with Gibberelic acid (at 50 and 100 ppm). The cuttings were immersed in each hormonal solution as in Expt. 6. The solution pH was adjusted to 3.5 using citric acid. In experiment 8 (Expt. 8), de-topping, pre-harvest hormone spraying and post-harvest (commodity) treatment were combined to form 6 treatment combinations and tested. The procedures followed were similar to individual treatments mentioned above. De-topping was done one wk before harvesting. For pre-harvest hormonal treatment, 0.1 mM Kinetine was applied four days before harvesting. The post-harvest solution was prepared using 2 mg/L KMn0 4 ,2.5% sugar, 100 ppm GAjbased on the results of experiments 4,5 and 6.
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Evaluation and analysis of data: The self determined ranking method (Table 1 ) was used to assess the shelflife and the appearance of the foliage (freshness and wilting of leaves). Ranking was done a day after opening the boxes and continued until the end of the experiment. The vase-life was computed using time (days) taken to transfer visual rankings from 3 to 2 with respect to wilting of cuttings and 2 to 1 with respect to freshness of leaves.
( Table 1) .
Analysis of Variance (ANOVA) procedure was followed by Duncan's New Multiple Range Test (DnMRT), using Statistical Analytical Systems 17 for testing treatment effects and separating treatment means, respectively.
RESULTS

Expt 1: Temperature treatment
Cold treatment or removal of the field heat extended the export quality and vase-life of croton significantly (at p=0.05) ( Figure. 
Expt 2: Leaf arrangement and colour
The cuttings of var. Mariana with full set of leaves in both leaf colour types, yellowish purple and yellowish red, had a longer vase-life when compared to cuttings with half set of leaves. Cuttings with yellowish purple colour were superior in keeping quality (vase-life) than those with yellowish red leaves (Figure 2 ).
Expt 3: Leaf shape and maturity
In var. Batik, cuttings with elongated leaf shape had longer vase-life than those with round shape. In addition, mature and partially mature cuttings lasted a longer period in storage when compared to immature cuttings. Partially mature cuttings with purple and elongated leaves had the longest vase-life (22 days), followed by fully mature cuttings of same type (for 20 days) (Figure 3 ).
Expt 4: Pre-harvest hormonal treatment
As shown in Table 2 , pre-harvest application (spraying) of a 0.1-0.25 mM solution of kinetin 4 days before harvesting (DBH) has resulted in the highest mean vaselife of 11-13 days for var. Mariana. For var. Batik, pre-harvest treatment of 0.25-0.5 mM of Kinetin and 0.25 mM of GA, was the best for extending the vase-life (upto 10-11 days) while 0.05 mM of GA, was best for var. Figure 5 ). Out of the three components present in the treatment, citric acid was more effective as an acidifying agent, compared to vinegar for Codiaeum varieties. In addition, citric acid may act as an antioxidant and prevent degenerative enzymatic reactions'". But there were no significant individual treatment effects of dosages of disinfectant (KMn() 4 ) and the food source (sugar) for all the varieties.
Aucubaefolia (upto 22 days). Pre-harvest hormonal treatment with 4 DBH was always better than 8 DBH for the extension of vase-life for all tested hormones and for
All three varieties performed best in response to T (2 mg/L of KMn0 4 with 2.5% of sugar and citric acid) and was followed by T 4 (5mg/L of KMn0 4 with 2.5% of sugar and 0.1 N citric acid). However, T,(2 mg/L of KMn0 4 with 7.5% of sugar and citric acid) resulted the highest vaselife for var. Aucubaefolia ( Figure 5 ). • No 1)1. Ho trt, Ph trt.
• DT. Ilo trt. No t>h trt.
D DT. No Ilo trt. Ph trt.
• DT, Ho in. Ph trt. Even though highly effective as a pre-harvest treatment (Expt. 4), kinetin concentrations of 25-50 ppm were not significantly effective as a post-harvest treatment for extending the vase-life of Codiaeum (except for var. Mariana) as shown in Figure 6 . Being a hardy shoot, it could lose access for exogenous substances along with the degenerative changes in the shoot tissues after detachment. Gibberelic acid at 100 ppm significantly increased the vase-life of vars. Mariana, Batik and Aucubaefolia upto 16,18 and 17 days, respectively [while the control was 7,11 and 14 days, respectively ( Figure 6 ). However, the influence was lower than the effect of preharvest hormonal regulations (Expt. 4).
Expt 8: The combined effect
Cold treatment of shoot cuttings with ideal morphological features and cutting types, followed by several optional combinations of de-topping, pre-harvest hormone spraying and application of commodity treatments at postharvest stage lead to an overall increment in vase-life of all three varieties. According to Figure 7 , mature single stem cuttings de-topped 1 WBH and subjected postharvest treatments gave the highest vase-life (ranging within 18-24 days) for all three varieties. But pre-harvest hormone treatment was not significantly effective to extend vase-life in de-topped cuttings. Since pre-harvest kinetin treatment per-say was highly effective for prolonging vase-life (Expt. 4), it would be worthwhile to incorporate kinetin to the treatment combination with minor adjustments in the concentration or time of application.
DISCUSSION
Reduction of the rate of respiration 18 and moisture loss 19 under low temperature and high humidity would have extended the vase-life of Codiaeum under cold treatment for 1 day. As recommended by Arora and Singh 20 , removal of field heat must have contributed to the above result as the experimental site was located in a tropical environment, having a mean day temperature of 30°C. Meanwhile, 2 days appeared to be-too long for the cold treatment. Furthermore, the negative impact on the vaselife of Codiaeum shoot tissues due to high temperature shock when dipped in hot water appeared to be more influential than its anticipated positive effect through the suppression of ethylene production".
The variability of the vase life of Codiaeum based on the type of shoots could be a result of many internal factors. Relatively short vase life of the shoots with half set of leaves could be due to extra energy requirement for wound healing on the stem. Further, the comparatively longer vase life by the yellowish purple shoots could have been an effect of some biochemical differences associated with the formation of pigments under partial shade. Since chlorophyll break down is a significant postharvest deteriorative change in tissues 22 , further analysis of chlorophyll compositions of leaves under different colours would comprehend the underlying mechanisms of variation of vase-life. As usual, reduced water loss through the epidermis due to formation of cuticle could be the reason for extended vase-life of partially matured shoots. At the same time, the degradation of shoot tissues (the senescence process) with over maturity 23 negatively influences the vase life. The results on the variation of vase-life under different leaf shapes is an indication of the genetic control (reflected through leaf morphology), when compared to environmental or ontogenic influences during post harvest period. Hence selection of shoots with the correct genentic entity (elongated leaves), grown under shade (for formation of yellowish purple colour) and harvesting with full set of leaves at partial maturity would collectively enhance the storage of Codiaeum shoot cuttings.
. According to Bruinsma 24 high auxin: cytokinin ratio positively affects the senescence rate of shoots. Since auxin production is higher near the apical bud 25 , lowering of the above ratio by de-topping may have resulted retarding the rate of senescence of stem cuttings in Codiaeum var. Mariana. This can also be due to partitioning of more dry matter and plant nutrients to the matured leaves after loosing the shoot-tip sink 26 which delays senescence 27 . Meanwhile, the variations in endogenous auxin/ cytokinin ratio among varieties and different maturity levels of shoots could be the reasons for differential responses to de-topping by the shoots of the other varieties and at different maturity levels.
The influence of the pre-harvest treatment with kinetin and GA 3 on the rate of senescence agrees with the work of Thiman 22 where cytokinins and gibberelins were found to reduce the rates of senescence and chlorophyll degradation. However, the responses of some Codiaeum vars. to post harvest application of the same plant growth regulators were either low or not significant. This could be due to a problem of entry or subsequent translocation of the hormones to sites of action 29 . Reports on insignificant influence of exogenous cytokinins on delaying senescence 30 , though endogenous levels reduce in senescing tissues 31 , support this result. 
